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Using Component-Level Calibration Data to Reduce System-Level Test 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention pertains to the use of component-level measurement 
data in the production of systems using such components, and more particularly, to 
10 using component-level measurement data to reduce system level test and calibration 
requirements. 

Art Background 



15 In the assembly of electronic devices such as wireless devices including for 

example wireless data transceivers and wireless phones, it is common that the 
components used to assemble these devices have been partially or fully tested. Once 
the device is assembled, additional tests are performed to insure the device meets its 
specifications. 

20 

During component manufacture, for example the manufacturing of monolithic 
microwave integrated circuits (MMICs), it is common for the manufacturer to 
perform parametric tests on the devices, often sorting them into performance groups, 
and charging a premium for components with desirable characteristics, such as low 
25 noise, frequency response, compression point, or other parameters. 

Yet when these components are assembled into a board or a system such as a 
transceiver or wireless phone, system level test and calibration are performed, often 
involving tests and measurements which are redundant in light of earlier component 
30 qualification and test. 
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SUMMARY OF THE INVENTION 

System level calibration and test of a device is reduced by reusing component 
level test data. Results of test performed at the component level are retained and 
5 combined with a model of the system to predict performance and reduce or eliminate 
system-level tests. The system model and sensitivity analysis on the system model 
may be used to identify parameters and ranges of those parameters to be measured for 
various components. Measurement values may be stored with a component, or 
associated with a component. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described with respect to particular exemplary 
15 embodiments thereof and reference is made to the drawings in which: 

Figure 1 shows a flowchart of the present invention. 



20 DETAILED DESCRIPTION 

In the manufacture of electronic devices, components are assembled into 
larger units or systems. It is often the case that many components are tested at the 
time of their manufacture to verify performance. Such testing may include additional 
25 tests to separate out components based on particular parameters; for example in 

testing monolithic microwave integrated circuits (MMICs), parts may be segregated 
based on parameters such as noise level, frequency response, compression point, gain, 
and the like. 

30 According to the present invention, such test data is reused in the 

manufacturing process, resulting in the reduction of system-level calibration and test. 

Figure 1 shows a flowchart of the present invention. 
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The first step in the process is to select 100 those system parameters which are 
to be modeled. These typically are those aspects of system performance required to 
meet system and/or regulatory specifications. For wireless devices, characteristics key 
to transmitter and receiver performance may be selected. 

5 

Next, given these system parameters, produce a model of the system 110 
which models the interaction between components. This model must reflect 
interaction between components to a degree that it can model the influence of 
component-level variations on overall system performance and the parameters 
10 selected. 

Sensitivity analysis is then performed 120 on the resulting model. The 
sensitivity analysis determines 130 which components and which parameters of those 
components affect the key parameters. Sensitivity analysis may reveal that certain 
15 components do not require specific testing. As an example, if a sensitivity analysis 
shows that a certain capacitor may vary in value over a range of -10% to +15%, and 
the capacitor is manufactured to a tolerance of +/- 5%, no additional testing is 
required. The analysis may indicate however, that a particular component and 
parameter is critical, such as the IP3 value of an amplifier to transmitter performance. 

20 

As part of the sensitivity analysis identifying critical components and 
parameters, the system model may be used to calculate system calibration coefficients 
based on component performance parameters. Using this information, system level 
performance after calibration may also be modeled using performance parameters and 
25 the calculated calibration coefficients. 

Prior to system assembly, components identified as critical by the sensitivity 
are tested 140 to measure all parameters identified as critical to system performance. 

30 These measurements must be associated with 150 the component. 

Measurement data may be kept on an individual component basis, or on a batch basis. 

On a batch basis, measured components may be batched in measurement bins, 
each bin containing components with critical parameters in a given subrange. 
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When measurement data is kept on an individual component basis, a 
component and its measurement data may be associated in a number of ways. The 
component may be individually identified, and this identification associated with the 
measurement data in a database. Such identification may include but is not limited to 
serial numbers, sequence numbers and the like which may be marked on the part or 
readable from within the part. The component may be identified by its position in a 
component carrier, such as its position on a reel or tape of components, or its position 
in a sequence of components in the manufacturing process. With larger components, 
measurement values may be stored with the component, such as in an electrical 
memory embedded in the component, an electrical memory attached to the 
component, or encoded in markings placed on the component. 

In some systems, performance meeting the key system parameters may be ' 
obtained by the proper matching of components using the system model and 
sensitivity analysis. A system which meets these key system parameters may 
therefore be assembled 160 using properly matched key components. 

In other systems, after assembly 160 the measurement results from all relevant 
components are retrieved, and the necessary calibration coefficients based on these 
measurements are calculated. The calibration parameters are applied to the assembled 
system. 

The system itself, or an external test system then uses the model to predict 
system performance based on the measurement results of all relevant components and 
the calibration coefficients and decides whether the predicted system level 
performance meets the required specifications. 

The foregoing detailed description of the present invention is provided for the 
purpose of illustration and is not intended to be exhaustive or to limit the invention to 
the precise embodiments disclosed. Accordingly the scope of the present invention is 
defined by the appended claims. 
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